AP® STATISTICS 
2006 SCORING GUIDELINES (Form B) 


Question 3 


Intent of Question 


The primary goals of this question are to assess a student’s ability to: (1) recognize the random variable of 
interest, identify its probability distribution, and calculate a probability; (2) use basic probability rules to find a 
different probability; and (3) use the sampling distribution of the sample mean to identify a characteristic of the 
manufacturing process that will meet a given specification. 


Solution 
Part (a): 


Let D represent the distance a randomly selected ball travels. Since D is normally distributed with a mean of 
288 yards and a standard deviation of 2.8 yards, we find 


P(D > 291.2) = P(Z > he > P(Z > 1.14) = 1— 0.8729 = 0.1271. 
Part (b): 


P (at least one distance >291.2) = 1 — P(allfivedistances < 291.2) 
=1-(1-0.1271) 


= 1- (0.8729) 
= 1- 0.5068 
= 0.4932 


Part (c): 
Since the 99" percentile for a standard normal distribution is 2.33, we can set the appropriate z-score equal to 
2.33 and solve for the desired mean, say M. Thus, 


ae" = 2.33 or M = 291.2 — 2.33 X 2.8 = 284.676 . In order to be 99 percent certain that a randomly 


selected ball does not exceed the maximum distance of 291.2 yards, the mean should be set to 284.676 yards. 


Scoring 


Parts (a), (b), and (c) are scored as essentially correct (E), partially correct (P), or incorrect (I). 


Part (a) is essentially correct (E) if the student clearly shows ALL three of the following: 
Indicates the distribution is normal. 
Specifies BOTH the mean, w, and the standard deviation, o . 


Calculates the correct probability. 
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AP® STATISTICS 
2006 SCORING GUIDELINES (Form B) 


Question 3 (continued) 


Part (a) is partially correct (P) if the student: 


Calculates the correct probability but fails to specify BOTH yw and o in the identification of the normal 


the distribution. 
OR 
Completely identifies the distribution as normal with BOTH yw and o correctly specified but fails to 


calculate the correct probability, e.g., calculates the probability that the ball travels less than 291.2 yards. 
OR 
Completely identifies the distribution as normal with BOTH yw and o correctly specified but uses the 


empirical rule to provide an approximate answer. 


Part (a) is incorrect (I) if the student: 


Notes: 


Reports a correct probability without showing any work. 
OR 
Calculates and incorrect probability using an inappropriate distribution. 


Calculator solution is 0.1265. If this is the only information provided, the response is scored as incorrect 
(1). 

If only the calculator command Normalcdf (—° , 291.2, 288, 2.8) is provided along with 0.1265, then the 
response should be scored as partially correct (P). 

If the calculator command Normalcdf (—°° , 291.2, 288, 2.8) is provided along with 0.1265 AND the 
mean and standard deviation are clearly identified, then the response should be scored as essentially 
correct (E). 

If the calculator command Normalcdf (—e , 291.2, 288, 2.8) AND a shaded/labeled sketch of an 
appropriate normal distribution are provided along with 0.1265, then the response should be scored as 
essentially correct (E). 

Minor arithmetic or transcription errors will not necessarily lower the score. 


Part (b) is essentially correct (E) if the student calculates the correct probability and: 


Clearly indicates the distribution is binomial AND specifies both n and p using the value obtained in part 
(a) 

OR 
Correctly applies complement and probability rules using the value obtained in part (a). 


Part (b) is partially correct (P) if the student: 
Clearly indicates the distribution is binomial AND specifies both n and p using the value obtained in part 
(a), but does not calculate the probability correctly. 

OR 
Calculates the correct probability using the value obtained in part (a) but fails to completely identify the 
distribution as binomial with both n and p specified. 

OR 
Indicates a correct procedure for computing the probability but uses a value of p that is different from the 


value obtained in part (a). 


© 2006 The College Board. All rights reserved. 
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents). 


8 


AP® STATISTICS 
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Question 3 (continued) 


Part (b) is incorrect (I) if the student 


Provides a probability, but no work is shown. 
OR 


Obtains a probability with an incorrect solution strategy, e.g., P (atleast one distance >291.2) = 1 - p> 
or P(atleast one distance >291.2) = 1—5p, where p is the solution to part (a). 


Notes: 
Calculator solution is 0.4916. If the student uses calculator syntax, BOTH n and p AND the binomial 
distribution must be identified to be scored essentially correct. 
If only the calculator command 1 — binomcdf(5, 0.1265, 0) is provided along with the probability 0.4915, 
then the response should be scored as partially correct. 
Alternative solutions using the binomial distribution with p =0.1265 are: 


P(at least onemeasurement > 291.2) = P(B = 1) + P(B = 2) + P(B = 3) + P(B = 4) + P(B=5) 
5 5 
= [Jo.1265! (1 — 0.1265)* + [> Jo-1265*« — 0.1265)? + 


5 5 
[3 Jo-12650 (1 — 0.1265)" + [ Jo-1265° (1 — 0.1265)! + 0.1265° 


= 0.368224 + 0.106652 + 0.015445 + 0.001118 + +0.00032 
= 0.491472 


P(at least one measurement > 291.2) = 1 — P(allfivedistances > 291.2) 
5 
=1- [ Jo-126s" (1 — 0.1265)” 


= 1-(1-0.1265)° 


= 1-(0.8735)° 
= 1— 0.5085 
= 0.4915 


Part (c) is essentially correct (E) if the student clearly shows ALL three of the following: 
Identifies the 99" percentile for the standard normal distribution 
Sets up an appropriate equation 
Solves for the desired mean 


Part (c) is partially correct (P) if the student: 
Recognizes that the 99" percentile for the standard normal distribution must be used and sets up the 
appropriate equation but does not solve the equation for the desired mean. 
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Question 3 (continued) 
OR 
Sets up an appropriate equation using the correct minimum distance but provides an incorrect mean 
because an incorrect upper tail percentile (say the 99.5" percentile) was used. 
OR 
Sets up an appropriate equation using the correct percentile of the standard normal distribution but 
provides an incorrect mean because an incorrect minimum distance was used (say 288 yards) was used. 
Part (c) is incorrect (I) if the student 
Provides the correct mean, 284.676 yards, but no work is shown 
OR 
A lower tail percentile is used. 
OR 
An incorrect mean is calculated with an incorrect solution strategy. 
Note: Calculator solution is 284.686 yards. 
4 Complete Response 
All three parts essentially correct 
3 Substantial Response 
Two parts essentially correct and one part partially correct 


2 Developing Response 


Two parts essentially correct and no parts partially correct 


OR 
One part essentially correct and two parts partially correct 
OR 
Three parts partially correct 
1 Minimal Response 
One part essentially correct and either zero or one part partially correct 
OR 


No parts essentially correct and two parts partially correct 
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3A 
3. Golf balls must meet a set of five standards in order to be used in professional tournaments. One of these 
standards is distance traveled. When a ball is hit by a mechanical device, Iron Byron, with a 10-degree angle of 
launch, a backspin of 42 revolutions per second, and a ball velocity of 235 feet per second, the distance the ball 
travels may not exceed 291.2 yards. Manufacturers want to develop balls that will travel as close to the 291.2 
yards as possible without exceeding that distance. A particular manufacturer has determined that the-distances 


traveled for the-balls it-produces-are-normally distributed with a standard deviation of 2.8 yards. This 
manufacturer has a new process that allows it to set the mean distance the ball will travel. 


(a) If the manufacturer sets the mean distance traveled to be equal to 288 yards, what is the probability that a 
ball that is randomly selected for testing will travel too far?’ 


yi = ZBS- In order that a ball. is tested +o +ravelt too rane the ball “2 traveled distar 
eer should &xceed II-Q yards - 


- Let Y= +raved distances of the boll 
POK Y 241-2). , pocauce fp distanest traveled ‘ore notmally distritutect . 


=P(z> XK) @a bor is vandomly selected _ 
= 0(Z> na1.2-288 i % Therefore, the moval that a bolr 
mar 79 ) : Zz that Ss random ly Selected. Qr testn wll 
LU 
=PCZ> 4.04) = 0-12. travel +00 far TS o.12nt- 
Prnmrvpv 


; ian yee ey 
(b) Assume the mean distance traveled is 288-yards and that five balls are independently tested. What is the 
probability that at least one of the five balls will exceed the maximum distance of 291.2 yards? 


In (a), we calewlate the purbability of. a ball. to exceed the maximum distance 
of 2041,2yards (5 0-1271,. Let p=o.t271 


N= SG (five bole? \ this is binomial distrTbution. because Crue beds ave 
p=o.\21 independently testes , onet'p' remaing the GOW - 


, ot 
A= sCsleo-iny® < o.ua3, Theatre, de probability that af least ates 
aera aa ~ . due frve balls will exceed the maximum 
vo babs (i oe . 
Bea nid distance & 901.2 yards Ts o- 493 : 


exceed 241.2 yards 
(c) Ifthe manufacturer wants to be.99-percent certain shat. axandamly selected ball will not exceed the. 
maximum distance.of 291. 2 yards, what is-the largest mean-that can-be-used-in the manufaeturing-process? 


QO/e rb bolls “that do not ae? 
d Eee DAL. yar 
aa > Mhz ap. bare. 
———_—-————— 








pear a8 therefore, tne largest mean Hat 
con be used tn tas manele cht 


2-8 press is oell fof yards . 


GO ON TO THE NEXT PAGE. 
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. Golf balls must meet a set of five standards in order to be used in professional tournaments. One of these 
standards is distance traveled. When a ball is hit by a mechanical device, Iron Byron, with a 10-degree angle of 
launch, a backspin of 42 revolutions per second, and a ball velocity of 235 feet per second, the distance the ball 
travels may not exceed 291.2 yards. Manufacturers want to develop balls that will travel as close to the 291.2 
yards as possible without exceeding that distance. A particular manufacturer has determined that the distances 
traveled for the balls it produces are normally distributed with a standard deviation of 2.8 yards. This 
manufacturer has a new process that allows it to set the mean distance the ball will travel. 


(a) If the manufacturer sets the mean distance traveled to be equal to 288 yards, what is the probability that a 
ball that is randomly selected for testing will travel too far? 


| . Bebauis ty distin ls sod 
ee ie Thiele fn the lads Ze 
4 Oe a hevinphy dit rigor, Roe 
sates oes Ly, Oak: 7 Og Prats pro tieg) con Le user. 
M= WS %nls, °° 24240085 
Bers yard * one wl Meee = | AB 


—e 


12.65%. 
(b) Assume the mean distance traveled is 288 yards and that five balls are independently tested. What is the 
probability that at least one of the five balls will exceed the maximum distance of 291.2 yards? 


‘es 4 141.2 Yards 
This proba i ey Bar | — te Phe Lobilies “thar bs balls cerceeds 


-\= (Z)ersi oo) 
- 0.44(5 


(c) If the manufacturer wants to be 99 percent certain that a randomly selected ball will not exceed the 
maximum distance of 291.2 yards, what is the largest mean that can be used in the manufacturing process? 


Li Fabel] y 
Ale ae), oe oe eet 
. 2 enh, ; Te largest Velue of qd ff im 


Pe TSNG eH) S242 


a FU os 233. a8 


The Larges preon > 542.497 


fy. He parre : GO ON TO THE NEXT PAGE. 
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3. Golf balls must meet a set of five standards in order to be used in professional tournaments. One of these 

standards is distance traveled. When a ball is hit by a mechanical device, Iron Byron, with a 10-degree angle of 

launch, a backspin of 42 revolutions per second, and a ball velocity of 235 feet per second, the distance. the ball 

travels may not exceed 291.2 yards. Manufacturers want to develop balls that will travel as close to the 291.2 

yards as possible without exceeding that distance. A particular manufacturer has determined that the distances 

traveled for the balls it produces are normally distributed with a standard deviation of 2.8 yards.’This 

manufacturer has a new process that allows it to set the mean distance the ball will travel. 


(a) If the manufacturer sets the mean distance traveled to be equal to 288 yards, what is the probability that a 
ball that is randomly selected for testing will travel too far? 


go 


PUXs =Pcz = *Ber2512) PCZ=Ets4)=0, 208 (20.8%) 


(b) Assume the mean distance traveled is 288 yards and that five balls are independently tested. What is the 
probability that at least one of the five balls will exceed the maximum distance of 291.2 yards? 


Pork Cat ore will excoed 231. 2Ypudn) = ([—P (noone: will excerd 291.2> 


he DY 2291.2) = | won (Ss < tuye= \- 0.6} = 9, 802 (50.2%) 


1} 


(c) If the manufacturer wants to be 99 percent certain that a randomly selected ball will not exceed the 
maximum distance of 291.2 yards, what is the largest mean that can be used in the manufacturing process? 


“BC ye 254.2)= Do < sey BLES =—S*) 


291.2- Ms 
2.2 


Ho = 28 >.846 








=2.56 
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AP® STATISTICS 
2006 SCORING COMMENTARY (Form B) 


Question 3 


Sample: 3A 
Score: 4 


In part (a) the essay recognizes that the random variable of interest is the distance that the golf ball travels; it clearly 
indicates the mean and standard deviation of the distribution and correctly computes the probability that a golf ball 
will travel more than 291.2 yards using the appropriate normal distribution. The solution is supported by displaying 
the steps in the probability calculations and providing a sketch of the standard normal density function with a shaded 
area corresponding to the appropriate probability. The binomial distribution and the complement rule are correctly 
applied in part (b) to obtain the probability that at least one of the five tested balls will travel farther than 291.2 yards. 
The 99th percentile of the standard normal distribution is correctly identified in part (c) and used to compute the 
desired mean of 284.676 yards. A sketch of the standard normal distribution is used to organize thinking and 
illustrate the link between the probability that a ball travels less than 291.2 yards and the mean and standard deviation 
of the desired normal distribution of distances. 


Sample: 3B 
Score: 3 


In part (a) the essay recognizes that the random variable of interest is the distance that the golf ball travels; it clearly 
indicates the mean and standard deviation of the distribution and correctly computes the probability that a golf ball 
will travel more than 291.2 yards using the appropriate normal distribution. The steps in the probability calculation 
are not displayed, but the solution is supported by a sketch of a normal density function with a shaded area 
corresponding to the appropriate probability. The binomial distribution and the complement rule are correctly applied 
in part (b) to obtain the probability that at least one of the five tested balls will travel farther than 291.2 yards. The 
response to part (c) uses the 99.5th percentile of the normal distribution instead of the appropriate 99th percentile and 
obtains a mean that is too small. This error was not uncommon. 


Sample: 3C 
Score: 2 


In part (c) the correct probability formula is presented, but the essay uses the 99.5th percentile of the normal 
distribution instead of the appropriate 99th percentile and obtains a mean that is too small. The response to part (a) 
also sets up the correct probability formula but fails to obtain the correct probability. The solution to part (b) makes 
appropriate use of probability rules, but the value of the probability that the ball will travel less than 291.2 yards, 
0.87, is inconsistent with the solution to part (a), and no information is provided about how 0.87 is selected. This 
response shows some understanding of use of probability rules and the binomial and normal distribution in each part, 
but it fails to correctly apply that knowledge to obtain correct solutions. 
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